Delftia lacustris sp. nov., a peptidoglycandegrading bacterium from fresh water, and emended description of Delftia tsuruhatensis as a peptidoglycan-degrading bacterium . Based on differences in physiological and biochemical characteristics, the strain is considered to represent a novel species, for which the name Delftia lacustris sp. nov. is proposed. The type strain is 332 T (5DSM 21246 T 5LMG 24775 T ). An emended description of Delftia tsuruhatensis is also presented.
which are characteristic of the genus Delftia. The DNA G+C content of the strain was 65.3 mol%. A DNA-DNA hybridization value of 66.2 % was found between strain 332 T and
Delftia tsuruhatensis DSM 17581
T . Based on differences in physiological and biochemical characteristics, the strain is considered to represent a novel species, for which the name Delftia lacustris sp. nov. is proposed. The type strain is 332 T (5DSM 21246 T 5LMG 24775 T ). An emended description of Delftia tsuruhatensis is also presented.
Extracellular peptidoglycan (PG) components commonly occur in nature (Benner & Kaiser, 2003) . These cell-wall compounds have been found to be degradable by indigenous bacteria, but at a lower rate than other polymers of bacterial origin, such as proteins (Nagata et al., 2003) . During growth, large portions of PG in Gramnegative bacteria are recycled by being degraded and reassimilated (Park & Uehara, 2008 ), but it is not known whether the enzymes involved in this recycling are also engaged in utilization of extracellular PG. Degradation of PG and chitin may involve related enzymic processes, because the glycan backbones of PG and chitin possess similar b(1,4) bonds, and some bacterial chitinases also have lysozyme activity (Wang & Chang, 1997) . To our knowledge, bacterial species that are capable of degrading extracellular PG have not previously been described. We report here the characterization of a novel strain that degrades extracellular PG. The strain, designated strain 332 T , was isolated from mesotrophic lake water and cultivated on PG-enriched media [tryptic soy agar (TSA) or dilute tryptic soy broth (TSB) (0370-17-1; Difco) amended with 2 mg PG l
21
]. Analysis of its 16S rRNA gene sequence revealed that strain 332 T clustered within the genus Delftia. The genus Delftia includes two recognized species, Delftia acidovorans (isolated from soil) and Delftia tsuruhatensis (isolated from sludge) (Wen et al., 1999; Shigematsu et al., 2003) . On the basis of phenotypic and molecular analysis, we propose that strain 332 T represents a novel species within the genus Delftia.
Lake-water microcosms were established with filtered water (0.8 mm pore size) collected from the mesotrophic Lake Sjaelsø, northern Zealand, Denmark. The microcosms were supplemented with PG from Bacillus sp. strain A6 (Frette et al., 2004) . PG was purified according to the method of Pelz et al. (1998) (see details below) and added to a final concentration of 2 mg l 21 . After incubation for 7 days at 20 u C, bacteria from the microcosms were cultivated on 1/ 10 LB agar (Eisenstadt et al., 1994) . Subsequently, isolates were transferred to 1/10 LB agar supplemented with PG (or with heat-denatured cell-wall material) from Bacillus sp. strain A6 and isolates that formed clearing zones were selected for further analysis. Strain 332 T was selected because of its capacity to form distinct but opaque clearing zones. The strain was routinely cultured in LB broth or TSB in shake flasks incubated overnight at 22 u C.
Standard physiological analyses were performed on cells grown at 22 u C in TSB or on 1/10 TSA at pH 7.2, using individual tests and multi-substrate kits. , made visible after addition of 1 M HCl (Jeffries et al., 1957) ] and chitinase, cellulose and starch degradation using the methyl umbelliferyl (MUF) substrate analogues MUF N-acetyl-bglucosaminide, MUF b-glucosidase and MUF a-glucosidase (Sigma-Aldrich). The MUF substrates were applied as described elsewhere (O'Brien & Colwell, 1987; Cody, 1989) . Briefly, 30 ml MUF substrate was added to 4 cm filter-paper discs, after which material from several colonies was rubbed onto the surface of the discs. The discs were incubated at 28 u C for 30 min and then 50 ml saturated sodium bicarbonate solution was added to each disc. The discs were exposed to UV light and appearance of blue fluorescence indicated a positive reaction. T were grown in TSB under identical growth conditions. Genomic G+C content and whole-cell fatty acids were analysed by HPLC analysis and GC-MS, respectively, at the DSMZ. DNA-DNA hybridization was performed in duplicate according to De Ley et al. (1970) at the DSMZ.
Degradation of extracellular PG was tested with liquid and solid media, each with a different method of quantification. PG from Erythrobacter sp. (class Alphaproteobacteria) was purified according to Pelz et al. (1998) . Briefly, the extraction included SDS treatment at 100 uC for 1 h to obtain cell lysis, sonication for 1 min for further cell destruction, digestion with trypsin to remove proteins and extraction of lipids with organic solvents of decreasing polarity. The purified PG was added to 1/25 TSB and 1/25 TSA that was poured on top of 1/25 TSA without PG. The final PG concentration was 2 mg l 21 in both the liquid medium and the top layer. In the 1/25 TSB, growth of inoculated cells was measured as the increase in cell density relative to controls (1/25 TSB without PG). At daily intervals, 50 ml of a 1 : 10 000-diluted stock solution of SYBR Green I stain (Invitrogen) was added to triplicate subsamples of 2 ml, after which the fluorescence intensity (excitation 490 nm; emission 520 nm) was determined. For tests on solid medium, cells were spread on 1/25 TSA plates with and without a PG-containing top layer. Utilization (hydrolysis) of PG was determined from clearing (opaque) zones around the colonies formed on the almost-transparent PG-containing agar.
Capacity for growth was tested at different temperatures (3, 5, 10, 20, 25, 30 and 37 uC) , salinities (0, 1, 3, 6 and 10 %, w/v, NaCl) and pH (pH 5, 6, 7, 8, 9 and 10) in 10 ml of 1/10 or full-strength TSB incubated on a shaking table at 20 u C (3-37 u C for analysis of temperature preference). Similarly, the growth rate was determined at 20 u C in both 1/10 and full-strength TSB.
Cellular morphology and size of strain 332
T were determined by scanning electron microscopy (SEM) of an overnight culture grown in 1/10 TSB and filtered onto 0.2 mm pore-size polycarbonate filters. The filters were fixed and dehydrated according to Watson et al. (1980) , mounted on aluminium stubs and sputter-coated with gold/palladium. The cells were observed with a Quanta 200 SEM microscope (FEI Company). Sizes of the cells were measured using the program LCS LITE (Leica Microsystems).
Genomic DNA was isolated from strain 332 T after cultivation of cells in TSB overnight as described previously (Brandt et al., 2006) . The 16S rRNA gene sequence was amplified by PCR using primers Fd1 and Rd1 (Brandt et al., 1999) and purified by a QIAquick PCR purification kit (Qiagen). The nearly complete 16S rRNA gene sequence (1543 bp) was obtained by sequencing the gene in both directions (GATC Biotech).
Strain 332
T was a Gram-negative-staining, non-sporeforming, motile (although no flagella were observed by SEM) rod-shaped bacterium. Cells were 2.3±0.7 mm long and 0.7±0.1 mm wide. Cells grew between 3 and 37 u C, with optimum growth at 25 u C. Growth was observed at pH 5-10, with optimum growth at pH 6-7. Growth was observed at salinities from 0 to 6 g NaCl l
21
, with optimum growth at 1 g l
. The cells were oxidase-and catalase-positive. Growth occurred on the following compounds with oxygen as the electron acceptor: phenylacetic acid, L-asparagine, adipic acid, 4-hydroxybenzoic acid, a-ketobutyric acid, caproic acid, citrate, gluconic acid, 2-and 5-ketogluconate, itaconic acid, D-malic acid, malonic acid, L-phenylalanine, L-threonine, L-arabinose, N-acetyl-D-glucosamine (weak reaction), D-mannose, glycogen, D-mannitol, gelatin, pyruvic acid methyl ester and Tweens 40 and 80. Nitrate reduction to nitrite occurred, but no anaerobic growth or fermentation was observed, as determined from the O-F reaction (Hugh & Leifson, 1953) . Doubling times at 20 u C were 6.0 and 1.7 h in 1/10 and full-strength TSB, respectively. T with respect to utilization of organic compounds and enzyme activities are given in Table 1 .
The chitinase and lysozyme activities indicate that strain 332 T has the capacity to break b(1,4) glycosidic bonds in chitin and PG, and this may explain its success in utilizing bacterial cell-wall material from Gram-positive as well as Gram-negative bacteria, as observed during the initial screening on PG-enriched agar. The capacity to degrade chitin and PG has not previously been reported for the genus Delftia. The observed opaque, rather than clear, zones around the colonies on PG-enriched agar may indicate that PG was not completely degraded and assimilated by strain 332
T . The weak reaction on Nacetyl-D-glucosamine (Biolog and API kits) further suggests slow utilization of some PG components.
The dominant fatty acids in strain 332 T were C 16 : 1 v7c/iso-C 15 : 0 2-OH (36.9 % of total fatty acid esters), C 16 : 0 (34.3 %), C 18 : 1 v7c (15.4 %) and C 17 : 0 cyclo (6.1 %) (data not shown). Two fatty acids, C 15 : 1 v6c and C 17 : 1 v8c, were not found in strain 332 (Table 1 ). C 8 : 0 3-OH and C 10 : 0 3-OH, which are characteristic fatty acids of the genus Delftia (Wen et al., 1999) , were also found in strain 332
T , although C 8 : 0 3-OH occurred in only trace amounts (0.2 % of the total fatty acid esters). The DNA G+C content of strain 332 T was 65.3 mol%.
BLAST (Johnson et al., 2008) and SEQMATCH (RDP 9 website; Cole et al., 2007) comparisons of 16S rRNA gene sequences both showed that strain 332 T grouped within the family Comamonadaceae within the order Burkholderiales of the class Betaproteobacteria. Hence, all 55 published type-strain sequences within this family were retrieved from the RDP 9 database and used for initial phylogenetic analysis (Treebuilder; RDP 9) with Escherichia coli as the outgroup (data not shown). Based on taxonomic and sequencequality criteria, a subset of the 55 sequences was selected. These sequences were aligned (RDP 9) with subsequent manual inspection and minor corrections being performed in BioEdit (Hall, 1999) version 7.0.9.0, and CLUSTAL X 2.0 software (Larkin et al., 2007) was finally used for the calculation of pairwise nucleotide similarity values based on unambiguous nucleotides (Jukes-Cantor algorithm), for construction of phylogenetic trees by the neighbourjoining method and for validation of the tree topology by bootstrapping (1000 resamplings).
Phylogenetic analysis of the 16S rRNA gene sequences (Fig.  1) clearly showed that strain 332 T belonged to the genus Delftia and further indicated that D. tsuruhatensis T7 T was the closest relative, with a nucleotide similarity of 99.9 %. This finding was substantiated in a subsequent phylogenetic analysis including 32 Delftia 16S rRNA gene sequences present within the RDP 9 database (not shown). Hence, all Delftia sequences could be divided into two phylogenetic clusters, supported by a bootstrap value of 57 %, with D. acidovorans sequences in one cluster and D. tsuruhatensis sequences and strain 332 T in the other cluster.
DNA-DNA hybridization experiments performed at the DSMZ using standard protocols confirmed the close taxonomic relationship between strain 332 T and D. tsuruhatensis DSM 17581
T and, to a lesser extent, also with D. acidovorans DSM 39 T (Table 1) . However, the DNA-DNA relatedness values fell below the 70 % threshold value for the delineation of novel species (Wayne et al., 1987) . Distinct phenotypic characteristics were observed for strain 332 T (capacity to utilize D-mannitol, D-malic acid, D-galactonic acid lactone and D-gluconic acid, as well as chitinase activity and a significantly higher growth with PG in liquid medium; Table 1 ), and therefore we propose that the PG-degrading strain that has been isolated from lake water represents a novel species within the genus Delftia, for which the name Delftia lacustris sp. nov. is proposed. Shigematsu et al. 2003 In the original description by Shigematsu et al. (2003) , information on degradation of PG was not included. Tests demonstrate that D. tsuruhatensis DSM 17581
Emended description of Delftia tsuruhatensis
T is capable of degrading PG in both liquid and solid media, and that it possesses extracellular lysozyme activity (Table 1) . In contrast to strain 332 T , no chitinase activity is found in D. tsuruhatensis DSM 17581 T .
Description of Delftia lacustris sp. nov.
Delftia lacustris [la.cus9tris. N.L. fem. adj. lacustris (L. n. lacus a lake) growing by lakes or ponds].
Gram-negative-staining, motile rods (2.3±0.760.7± 0.1 mm). Growth occurs at 3-37 u C; optimum growth at 25 u C. Growth occurs at pH 5-10; optimum growth at pH 6-7. Growth occurs at salinities of 0-6 g NaCl l
21
; optimum growth at 1 g l
. Doubling time is 1.7 h at 20 u C with full-strength TSB. Non-fermentative. Positive for acid and alkaline phosphatases, chitinase, esterase (C4), esterase lipase (C8), a-and b-glucosidases, leucine and valine arylamidases, lysozyme and naphthol-AS-BI-phosphohydrolase. Denitrification ability is not observed, but nitrate reduction is observed. The following compounds can be utilized as energy and carbon sources: phenylacetic acid, L-asparagine, adipic acid, 4-hydroxybenzoic acid, aketobutyric acid, caproic acid, citrate, gluconic acid, 2-and 5-ketogluconate, itaconic acid, D-malic acid, malonic acid, L-phenylalanine, L-threonine, L-arabinose, N-acetyl-D-glu- The type strain is 332 T (5DSM 21246 T 5LMG 24775 T ), isolated from mesotrophic lake water.
